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(54) Appanrtua tor establishing branch walls from m parent wall 

(57) A method and apparatus lor creating multiple 
txanchweltofromaparerrtweHIsc^ 
toafirstefrtboo^Tiaftolttialnvsntfan 
tng tub m provided tor placement at a branching node 
of a waft. Such cub Indudae a branching chamber (32) 
endaph*»Hty<* branching art* 
outlet members, during conetructton of the branching 
sub, have previously bean dUtortad hto oblong shapes 
eo fiat al of the branching outlet riwmbere IK wltiin an 
Imaajnan/c^anderwhich is coaxial wto and substantial- 
ly the same radiue as the branching chamber. According 
to one *mc<x*menl «he ctetorted outlet members ara 
characterized by an outer convex shape. In another em- 
bodiment, the distorted outlet members are character- 
izodby an outer concave shape when h a retracted 
•tale. AfWdsc*ynTerrtc4 the 
casing r* tie well, a forming tool le lowered totte interior 
of the sub. The outlet membere are extended outwardly 
by the torn** tool and slmu«ai>aouslyformsdinlosub- 
ttanttaHy round tubes. Next, each outlet member is 
plugged wRh cement, after which each branch wel is 
drifted through a respective outlet member. If desired, 
each branch may be fened with casing and sealed toa 
brancrsng outlet by means ol a casing hangar. A mani- 
fold placed h the branching chamber controls thepro- 
ductionof each branch watt to the parent wel. Aoorolng 
to a second embodiment of the invention, a pressure 
resistant branching sub is provided which may be in- 
stalled * series with a casing string, and the associated 
equipment used for the installation operation and inter- 
vention ol a well. The branching sub includes a main 
pipe and a lateral outlet. 
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This invention rotates general* to the field of wela. 
particularty to the field of establishing branch wells from 
a parent hydrocarbon well. More particularly the Inven- 
tion relates to estabaahng multiple branch wells from a 
common depth port, called a node, deep in the weH. 

BACKGROUND OF THE INVENTION 

Muttipla ueife heve been drllDd from a common lo- 
cation, parfcutarly white drifting from an offshore plat- 
form where muftjpla wads must be driled to cover the 
great expeneesef ofchore drilng, A» Muctratod in Bq- 
uree 1 A and 1Bi suoh wees are drifted trough a com- 
mon <»nductor rips, and each wet includes surface 
casing fee* Wemseolate casing s^ parent casing ae 
Is wel known n the field of offshore drilng ofhydiocar- 
bon wetls. U.S. Patent 5.456.199 deecribee epparatue 
and methods tor drMrtg multiple wefts from a common 
weflbore at or near **e surface of the earth. U.S. Patent 
4,573.541 deeenbe* a downhofe take-off assembly for 
a parent welt which includes mutipte take-off tubes 
which commuracata with branched wees from a com- 
mon point 

Branch wets ens also known In the art of welidriling 
which branch from multiple pointe in the parent wel as 
ilustrated h Figure 2. Branch wets ere created from the 
parent well, but nscot tari ly the parent well extends be- 
low the branchng point of the pftttaryweft. Aaareeutt. 
the brancrwg wet ia typfcaly of a smaJercSameterthan 
tut of the primary wel which exterxis below tr>ebranch- 
lr>g point Furthermore, drfficut seeing P"***^^ 
faced the art for eeeabttehlno, communication - - 
the branch weft and the primary waft. 

For example. U.S. Patent 6,309,648 
methods relathg to wel juncture seeing with various 
sets of embcdrnente to acoompSeh such sealing. The 
disclosure of me "648 potent proposes solutions to sev- 
eral serious ssaftng probtems which are encountered 
when establishing branches in a wel. Such sealing 
probtems relate to me recjjirament erf curing the con- 
nectivity of Rebranch easing ftnerwfth the parent casing 
and to mainta«ng hydraulic ieotatton of the juncture un- 
der differential pree*ure. 

A fundamental problem exists in establishing 
tminch wefts etactapthnaprirrx^ 
tus for estabething such branch wells must be run on 
parent casing which must fit within Intermediate casing 
of me wet Accordsigly, any such apparatus for eetab- 
fcahkig branch wefts must have an outer tfametef which 
Is Msentialry no greater than tot of the parent casing. 
Furthermore, c m deeimbta that when branch wafts are 
established, they have as targe a diameter as poestete. 
StHI further, it is deaWble that euch branch wells be lined 
with casrg which may be establshed and seated with 
the branching equipment with corwentional casing 
hangers. 



An STiportant object of this hventktoktopioirtdean 
apparatue end method by which mullplebfsnchea con- 
nect to a pnmaiy well at a single depth in the weft wn^ 
the branch wells are controMed end sealed with respect 
s tofwprirrarywellwttrorwe^ 



Another n\portant object of this Inventon is to pro- 
vide a rrTUttpe outlet branr^ir^ sub having an outer r* 
ameter such that it may be run in a wefl to a employment 
to location via primary casing. 

Another object of this Invention is to|xovideamut- 
tipie outlet branching sub in which multiple outleU ere 



doomhoJe at a branching deptoymer* bcalxw to e<o- 
rs duea maximum branch well dtanwtem rounded to oro- 
vxta conventional e^-to^aeingcorwiettona. 

AitobW c4)Jeet c< tWs ewentton h 
ratue tor downhofe expansion of retracted c*«menv 
beia in order to direct each outlet Into an srcueSepeth 
» cowardly from tw axle of the primary wel and to ex- 
pend the c^rtlete into en eeeentW^ 
that after a branch weft le driled throup*s*outl*con- 
ventional liieHooasing coiinectkxis can be «xsde to 
suoh outlet members. 

ss 

SUMMARY OF THE INVENTION 



These objects and other advantages and features 
are provided h a method and acoaratuetoestaMsNng 
so muftjpie branch weds from a parent we* A muftipie 
branchng sub ie provided lor depicimTertnabwehole 
by means of a parent caeing throu*apaientwe*The 
branchng oubtoduo^abnyxi^ 
an open first end of cyiindricat ehape. The branching 
x cbarnoef ru^aeeccodendtowhknb^ 

members are connected. The fWet end ie connected to 
the parent weft casing m a conventtonal inanne*. euch 
ae by dreading, tor deployment to a branctwig location 
h the parent wet. 
< Multiple branching outlet members, each of which 
is integrally connected to the second end cftr« branch- 
ng chamber, provide fluid communieaten with the 
branchng chamber. Each of the outlet membera ie pre- 
Wbricated euch that euch members ere h a retracted 
45 poslton tor Insertion of the sub into and cbwn fvougji 
the parent weft to a employment kxationoaepinmawet. 
Each of the muH**> outsU rs substantial* Wafy wfthin 
an imaginary cyftnder which Is coaxial wtfi and of eub- 
etantialy the same racSue as the Bret erxJrfthabranch- 
u rtg chamber. The prefabrication of me ouflet members 
causes each outlet member to be transfomied to croaa- 
sectional ehape from a round wcireularsropetoan ob- 
long or omar euttabia shape such thai to pro»e 
fits within the imaginary cylinder. The outer profile of 
« each outlet member cooperatee wth the outer profiles 
of other outlet members to substantially « the area of 
a croes-section of the imaginary cylinder. As a result a 
substantially greater cross-sectional area cf the multiple 
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outlet members is achieved within a cross-section of tho 
frnagfria/y cySndof as compared with a corresponding 
number of tubular multiple outlet member* of circular 
croes-i action. 

The multiple outlet member* are constructed of a 
material which may be plastically deformed by cold 
fomw>9.Alormingtool is used, after the multiple branch- 
ing sub » deployed in the parent wel. to expand al least 
one of the multiple branching outlet member* outwardly 
from the connection to the branching chamber. Prefer- 
ably al of the outlet rnember* are expanded eimulane- 
ousy Simultaneously wth the outward expan*ton, the 
multiple outlets are expanded into a substantially circu- 
lar radial ero*e«**etional snaps along their axial extent. 

After the multiple outlet rnember* which branch 
Iron *>e branching dumber are expaitfad. each of the 
muttptobrar^c^ 

Is drfltod through a aetected one of the multiple branch- 
ing outlets. A substantia^ round liner is provided 
through the selected branching outlet and into the 
branch welL Th* Iner ofc^larcfc.ee^ecticinbeealed 
to the selected branch** outlet circular croes-eectton 
by rneans of a cornrenttonal casing rianear. A borehole 
and frier Is eetabtshed tor a pJuralty th* rnuWple 
branching outlsts. A downhole rnanloW is instated in 
the branching chamber. Next muliple branch wefls are 
completed The production of each branch well to the 
parent wel is controlled with the manifold. 

The apparatus tor expanding an outlet of the rnuai- 
pie branch** sub include* an u^ power and corrtrol 
una and a dow*^ operate 
Ine connects the uphofe power and control unl and the 
downhole operational unt. The wirefln* providee a 
phy*lc*< connection for lowe^ 
tkwalun*tothebianchhg*ub*r^ 
ceJpe* tor trarwrnlsslw of power a^ 
tool and status signal*. 

The obwnhol* operational unit Wuoe* a forming 
mechanism arranged and tolgried tor insertion in at 
least one retracted branching outlet rnsrnber of the eub 
(and preferably Wo all of the outlet member* at the 
same trne) and tor expanding the outlet member out- 
wardly from Its imaginary cylMer at deployment. Pref- 
erably each outlet member Is expanded outwardly and 
expanded to a drcutar racial crosa-section simuttane- 
oueV^o^rihc^ 
arid orientation nwchani™ 
raiding mochanieme of ^ 
mechanlsmi allow the forming mechanism to be radiaty 
oriented within the multiple branching sub so that I is 
aligned with a selected outlet of tie sub and preferably 
with all of the outlets of the sub. The downhole opera- 
tional unit kidudes a hydraulic pun* and a N«d having 
hydraulic fluid line* connected to the hyoraulic pump. 
The terming. rnechanism includes a hydmulicalV Pow- 
ered torming pad. A telescopic fink between each form- 
ing pad and head provides preesurizsd hydraulic fluid 
to the forming pads as they move downwardly while ex- 



panding the outlet members. 

According to a second, atematrve embodbnent of 
the Iwenticn.abfanchrg 

multiple branche* from a parent casing wthout the need 
s for seeing joints and which allow* th* u*e of conven- 
tional wel controlled finer packereerKJca*lrig)c*t*.The 
geometry of the housing of me branching sub allows the 
housfig to achieve maxim*™ pressure rating consider- 
ing me size of the branch outlet with regard to the size 
10 of the parent casing 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objecte, aeVantage* and f eatureecimelnven- 
is tion wiH become more afferent by reference to the 
drawings which are appended tiereto and wherein an 
•AjitraiK^ *fT*x)d*rxrt 

which: 



Figure* lAand 18 smatras* a prior art triple Hner 
pecked In a conductor casing tam***uon h which 
the outlet member* are round during hstalaUon 
and are packed to mwthinthe conduct* eating; 
Figure 2 8lu*trates a prior art parertcf vertical wet 
and tatsraJ branch *•*• which extend therefrom; 
Figure* 3A. 38, and 3C Muetrate a three outlet 
branching *ub accordhg to a flr*t ernbodiment of 
the hventton where F igure 3A to a racial croeeeec- 
txxi through the branching outlet* of the eub, wMi 
on* outlet completely in a retracted position, with 
another outlet in a pcealon between ft* retracted po- 
sfclon and Its Mly expended pceWon, and the third 
outlet being in a fuUy **|*jnoed poeWon. arid where 
Figure 38 is a radial cross *ect tan through tie 
bwiehtog outlet* of the*ub wth eachoftheouttot* 
fuOy expanded after employment in a parent wel, 
and Figure 3C le an axial croee-eection of tie 
bfanchtig*ub showing two of tie bf^ 
rully expanded to a round shape h ^ fcnca4 ^ h ^ 
been run into a branch wel and sealed with respect 
to the branching outlets by mean* of conventional 
liner hanging packers 

Fioj^e 4 aeperscect^ view era three symmetri- 
cal outlet branching *uo of a Brst embodirnertefthe 
swention wth the outlet bnariche* expanded. 
Figure* 5A. SB. 5C , and SO ******* configuration* 
cftr>efir*t*rr*c<*mertof*^ 
metrical branching outets w«i at l»aat one outlet 
havtog larger internal dtoienslona than the other 
two. with Figure 5A being a radial croereecbon 
through the branching outett along In* SA-SAha 
retracted position, wth Figure SB being an axial 
croee-eection through tie ines SB^B of Figure 5A 
with Figure 5C beinga radtal crces-eection along 
inea 5C-5C of Figure 50 wth th* branching outlet* 
H an expanded posrton. and wth Figure 50 being 
an axial cross-eeclion along ftnee 5W0 of Figure 
5C with the branching outlets in an expanded posi- 
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lion; 

Figures 6A-6E Mustrate radial cross-sections of 
several examples of branching ouUet configurations 
of the branching sub according to the first embool- 
ment of the invention, wth alt outlet branches fully * 
expanded from t>eir retracted state during deploy- 
ment in a parent well, with Figure 6A illustrating two 
equal diameter outlet branches, Figure 6B illustrat- 
ing three equal diameter outlet branches, Figure 
6C. like Figure 5C, Ihistrating three outlet branches to 
wtth one branch characterized by a taroer diameter 
than the other two. wtth Figure 60 illustrating four 
equal diameter outlet branches, and with Figure 6E 
Mustrating five outlet branches with the center 
branch bs*g cf smaller cSamstar than the other tf 
four, 

Rguree 7A-7E etatrate stages of expending the 
cutletmerrfcewol an expands 
cording to the ■ Mention, wth Figure 7A Hustratfng 
an axial cross-section of tie sub showtng multiple » 
branching outlets wth one stirtoirtletii a retracted 
position and the other such outlet being expanded 
starting wth Is connection to the branching head 
and continuing expansion downward* toward the 
lower openingof the brancrwig rjutlete. wth Figure * 
7Blk*stratingeradWcrose-sectto^ 
B of Figure 7A and assuming that each of tvee 
symmetrical branching outlets are being expanded 
simultaneously, and wth Figures 7C through 7E 
showing various stages of serpsrwJcn as a function *> 
of axtari distance along the branching outlets; 
Figures 8A and 88 Wustrate respectively In axial 
cross-section and a radial crose-sectton along Ines 
eB-eB.latchingsxidorientatiM 
ng chamber* a* brancWrigsu* * 
furfur nuatratee an extension leg and supporting 
shoe tor depkwment in a parent well and tbrprovid- 
tig stability to tie branching sub whils expanding 
the branching outlets from fair retracted position; 
FlgursgscherrwticatyilHistrB^ 40 
hole apparatus for expanding the branching outlets 
of the branching sub; 

Figure 10 iHustiates steps of the process of expand- 
ing and forming *e branching outlets wrti a pres- 
sure forming pad of the apparatus of Figure 9; « 
Rguree 11A-11H {frustrate steps of an installation 
sequence for a nodal branching sub and for creating 
branch wefts from a parent well; 
Figure 12 Uustratee a branching sub deployed in a 
parent well and funher illustrates branch well Knors so 
hung from branching outlets and still further illus- 
trates production apparatus deployed In the branch- 
ing sub fwccrtrotsig production from branch wets 
into the parent welt 

Figures 13A and 1 3B gewnetricalf/ illustrate the irv « 
crease m branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells from liners packed at the end of parent 



Figures 14A-140 ere illustrative sketches of nodal 
branding according to the Invention where Figure 
14A rlustrates establishing a node in e parent well 
and establ ishing branch wels at a rxmmon depth 
port In the parent wet, all of which oommureeate 
wth a parent wet at the node of the parent wet; wtth 
Figure 148 illustrating an axpanded branding sub 
whet) has had Its branching outlets expanded be- 
yond the diameter of the parent casing and formed 
to be substantia*/ round; wth Figure 14C Bustrat- 
tig ustig a primary node end secondary nodes to 
proo^rrydrocarbensfrcmasingto 
Figure 140 Itartrating ueiig an expejxM branch 
hg tub from a primary node to reach rnulupleeub- 
tonanean targets; 

Routs ISA Uustratee a two outlet version of a 
branching sub accorrJng to tfw ffnJtetnbodtnentof 
t*irivention,w1mFlc^ 
tiustratlng cross-sectionai profile* of such two out- 
let version of a branching subwHhan alternative 
oos*4om*ig tool at various depth locattons iri the 
oudet members; 

Figure 16 mXjetrates a two arm aternaUvs version 
of a post-forming toot 

Figures 17A-17D Ulustrate the operation of such al- 
ternative posMormingtoot; 
FirajrealGA- tBEillustratoabranc^ 
hgtothe first embrjdsr»entol the Invent 
cm deformation of the branching outlets; 
Figures 19A - 19C Wustrate an atlernatlvs actuating 
apparatus ecoorolng to the hventloa 
Rguree 20A and 208 eTuetrsle s second errxxx*- 
mant of ths Invention where Figure 20A ie en exte- 
nor view of a branching sub wth arminpipeanda 
ktfeseJ branch** outtet and Figure 20B Is en axial 
taction view of such branching sub; 
Figures 21 A and 21 B are axial and radial section 
views of the branching sub of Figures 20Aand20e 
but tt a retracted stats, and Figures 21 C and 210 
are axial and radial section views of t\s branching 
sub of Figures 20A end 208 in an expended stata; 
Figure 22 is a graph which shows that the yield 
strength of the housing material of tie branching 
sub increases wth the rate of deformation during 
expansion; 

Figure 23 Is a schematic llustratlon of the branching 
sub a ccording to a second embodiment of the In- 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
tinct formations from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
which may be inserted within the main pipe of the 
branching sub whereby a drilling tool which enters 
from the top of the sub may be directed into the lat- 
eral outlet; 

Figure 25 illustrates two branching subs connected 
n tandem wtth the tandem connection placed in a 
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series of casing links of a easing string; and 
Figures 26A and 268 frustrate a cap which may be 
we feted across the branching outlet in order to close 
rt off lor certain wed operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and 1B frustrate 
the problems wrth prior art apparatus and methods tor 
establishing branch welt from a parent wefl. Figures 1 A 
and IB show radial and axial aose , *ecuons of multiple 
outlet Rners 12 hung and sealed from a targe cSameter 
conductor pipe 1 0. The outlets are round in ordertota- 
efrtate use of conventional fang hanger packers 14 to 
seal Ihe ouilet Bnere 1 2 tor ownmunfcato 
*xt«plpe10.Theanangen^ 
require* that multiple round outlet* of diameter Do fit 
wimhthediarTxrterDstoftiecax^ 
cases, especially wherottw conductor pipe must be de- 
ptoysdatac^intheweCrs^than* 
of the weft, it is nottaasWatoprovktoaboreholeotsuf. 
fident outer diameter to allow branch well outlets oleu^^ 
fk^fjametertobeinstaied. 

The technique of providing branch wells acoordtog 
to the prior art arrartgememc^edinFtgure2craates 
branch wefts 22. 24 tromaprimary well 20. Special seal- 
ing am^gemente 26, unlike convontional casing hang- 
ers, must be provided to seal a fined branch wall 22. 24 
to the primary wefl 20. 

DesoipttonofcVanchingSub According to a First 
En*orJment of the Irwentton 



Figures 3* 38. and 3C luatrate a branding *ub 
X according to th* invention. The brarich*g *ub *> 
cludea a branching chamber 32. (which may be con- 
nected to and carried by parent well casing (See parent 
castog 604 of Figure 12)). and nwlupto outlet members, 
for example three outlet members 34. 38. 30 frustrated 
in Figures 3A. 3a and 3C. Figure 3A te a radial cross- 
section view through me branching chamber 32 which 
itustiat** one WJtletrnsmtw 34 in a retracted state, a 
•ecoridoutletmemberSBtotheatatart 
outward*, and a th ird outlel member 38 which has been 
tufty sxpanded outwaro* (Figure 3A is presented tor ft- 
■ a .l k*^tt— > <svwflfw to the Invantio 




Iqij mnm wn uuuiif. i ii i iw" i w — » — 

is deformed as shown particularly for outlet member 34. 
A round tube la deformed such that Hs cross-eectionai 
interior area remains essentially the same as that of a 
circular or round tube, but its exterior shape is such that 
ft fits cooperatively with tie cVHormed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which aftowe ft to be run in a parent well to a 
deployment location whHe attached to a parent casing 
Outlet member 34 it its retracted state la Illustrated *i 
an oblong *hap*. but other retracted shapes may also 

s prove to rtav* advantageous characteristics, For exam- 
ple. a concave central area of deformation in the outer 
side of a retracted outlet member may be aoVantageous 
to provide a *t«*r outlet member. Such deformation is 
progressively peater and deeper starting from the top 

io to the become* the outlet member. 

Figure 3A snows outlet member 33 in a *tate ol be- 
hg expanded « an arcuate path outwardly from the 
branchhg chamber 32 whfle simultarteously being 
rounded by actownhole kxnwip^xpanding tool that Is 

ts d**crtoodbeto» The eroiw* labels 

bertg appeed fcom tie interior of the outlet member 38 
in order to expand*** outlet member both outwaroTyh 
an arcuate pat* away from b<iinching chamber 32 and 
to cexuautoe ft torn ft* rrtractad state (ae la the catf- 

» tton of outlet rsember 34) to Is expanded or fulV de- 
ployed stale is» outlet member 3a 

Figure 38 * a radtal cross-section as viewed by 

at the level of cutlet members 36. 38. Flguce 3C ftfcie- 
u irate* uuuven to ne J casing flners 42. 44 which have 
been Instated tvough branching chamber 32 and into 
respective outlet members 36, 30. Conventional Bner 
rwgtog pactum 48. 48 seaiciisingll^rs4i 
member* 36. 3B. A» frustrated In Flguree 36 and X, If 
J* the ctemetef Ds2 of the branching chamber 32 ie the 
same as the dernefter Osl of the axiductor pipe of prior 
art Figure 1&t^*eouttMdian^rD # rf 
is l.3Stki>e*«c^e*t*out*rd«iw4erDoof Figure 
ta Theftneruu s* ee ct io n aleieaS^olfte^dFlc^ire 
m aci* 1.82 !«•»*» p^ a* the liner cro*a^ 
area Sod Ficeie 1 A. Whenfully *xpanded.the effective 
ctemalerdtheexpendedoutletrnemberf 34. 36. 38 ex- 
ceeds that of tie branching chamber 32. 

Expertnero have been cwrtucted to prove the fea- 
40 sbiity of manufacturing branching sub 30 with outlets 
in a retracted state and War operational expanding 
outwardly and -oundhig the outlets. 

Experiment Phase 1 

45 

Two casngsfeee were selected: efirstone, one me- 
tarlc^wa*7irichc*am*terca*ingwr^ 
of 4.5 mm; the *eoond was one meter long and was 7 
hch diameter cashg wfth a wall thickness of 8 mm. A 
bo hydraulcjacfcwaa deslgnedfor placemerit In a casing 
lor expanding ft. Each casing was successfully pre- 
formed into an eOptical shape, eg. to *taulatetie 
shape of outet member 34 in Figure 3A and reformed 
into circular shape while using a circularizing tormhg 
66 head with the ^Circularity, »te that of outW 

38 of Figure 3A was achieved wHh plus or minus dftler- 
ence from periect circularity of 2 mm. 
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Experiment Phase 2 

Two, one meter long. 7 inch diameter. 23 pound 
casings were machined socially at an angle of 2.5 de- 
grees. The two casings were joined together at their ma- 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to ft inside an 11 inch 
diameter. The welding at the junction o( the two casings 
and the casings themselves had no visible cracks. The 
maximum dtameter was 107 inches; the minimum oV 
» 10.51 



a) Machinery 



I at an angle of 2.5 de- 
grees, a spacer was temporarily welded at Is end to 
avoid posefcio defamation Airing machWng. Next 
each cask* was macheied routfly and th snflroshedto 
assure Hat each machined surface was ooptanarwith 
the other. The spacer welded at the er* of the casing 
was machhed at the same lime. 

b) Waking 

The two machti ed casings were assented togeth- 
er wHh a pg, proceed toget^ and car^ 
ton»WaineSgnmemc4lhem 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and tte jig was removed. In an EB 
wekSng chamber, the two machined casings wers spot 
welded anemateV on both sides to avoid possible de- 
formation which could open a gap between the two 
surfaces. Next about 500 mm were EB wetted on one 
ekfc;^con**ialk>nwa*ti^ 
on the other side, finaiy the bottom a tie combtiation 
was EB waided and turned over again to complete the 
wekftng. The result was eaostactory: the weld Wist was 
continuous without any toes of material. As a rceui. the 
two macWned surfaces of the casings were joined with 



pfied to the pliers: the outside jig was mored down h 
steps of 125 nvn; at each step a lorce of 05 metric tons 
(33,000 pounds) was applied. The operaton was re- 
peated with a force of 20 metric tons (44.000 pounds), 
s arxJtheendotmeoutleisstartedteflattenOT 

The process was completed at a force of 3D metric tons 
(66.000 pounds). The resulting deformec oroctoct was 
satisfactory. 

It is preferred to modify the shape d! the piers in 

io such a way that the piers deform the auttct with a 
smooth angle and to we* the wedge after deforrnatton. 
rather than before, and to wefcf ft by ueag two targe 
wedges on each side of it to avoid a mepawsf defor- 
mation of tits area 

rs Ex|>erfoerrtPhase2wssccfrtJCtedas 

but weh a steel sheet metal etfllsner wetted saongtne 

EBweldeclbomsMeeotthe|unctlo^ 

The junction was deformed as in Expenrsent Phase 2 

to ft wthin an 11 inch dtameler. A jack eith a torce of 

so 30 metric tons (66,000 pounds) was usotl Flora, a s for 
the first junction, were not used. A large wedge was 
used for the first junction with a 5 degree anoje cut in 
two and Installed on each side of the weteedwadge be- 
tween the two outlets to facile 

zs when deforming. The dsfornwtasteitede* tie outlets 
and contkiued toward the junction. This coeration was 
repeated wth a force of 30 motifc tona T» end of the 
outlets started to flatten on the wedge. The poraonmost 
osTk^todefcmwaaarc^jrtotheJurwto 

30 where the outlets are completa inside tut watted k> 
gethet where the welded surface is between tie top of 
the inside eWpee and the top of the outaeto eqpec. As 
a result of this experiment a higher capadty jack of 50 
metric tone force was provided. 

98 

Expertment Phase 3 

A full length prototype with two 7 inchcaasngs con* 
nected to a 9 5/B inch casing was marUactured and 
40 pressure tested Testing slopped at 27 bar b ecause do- 
formation was occurring without preesun /anattorv 



c) 

Deformation wae done wth a special fig of two por- 
tico of ru* cyiirKtora pu^^ 
jack with a force of 30 metric tone (66.000 pounce). The 
halcyfirioarehadanlnsioao^ 
smaller than 11 hchee. , jcccfdingry. the final diameter 
dfwdeformedassembtywaalessthw inches when 
the junction was detormed. Pliers were pieced inside the 
junrtkxitoaidoetanTa^crfthecArtiet where rt is crtte 
cat: at the end of the tube where the deformation is max- 
tmaL 

A targe wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
wtwoeformino, The deformation started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



60 



55 



a) 

Machining was performed in the sane way as for 
the two previous junctions except thatthelenqjhofthe 
cashgs was 1.25 meters instead of 1 metes, end a 
groove was machined around the eliptk^ proses to en- 
rroe the EB welding procass Addfttonat* a band hole 
was machined on the plane of the cut of each casing to 
total! a prt between the two casings to ?rovioe better 
portioning. The upper adapter was madrined out of a 
solid bar of steel on a rtumerJcafly c«itroWneasig ma- 
chine to provide a ccriunucuaprofte 

mg. The adapter was machined to accept a ptog. The 
toner diameter of the lower end of the 7 inch casings 
was machined to accept the expanding pugs. 
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b) Welding 



1$ 



20 



The two machined casings were assembled togeth- 
er with a jig and pressed together. The assembly was 
then fixed together by several spot TIG welds and the 
jig was removed. In an EB chamber, the two parts were 
EB spot welded alternately on both sides to avoid pos- 
sible deformation Then Ihe two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
joined satWactorsy An adapter was then TIG welded 
on (he assembled casings as well as a wedge In be- 
tween the 7 inch casings. 

c) Pressure Testing 

reformation cWngpressureto^ 
using two Inear potentiometers placed on the EB weW. 
The pressure was increased by steps of 5 bar. end the 
value d the potentiometer was recorded el atmcjepherlc 
pressure, at tie given pressure, and when returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determined that the total plastic deformation 
of the casings near *wlr junction was 4.7 mm and out- 
warcfly of their junction was 3.7 mm. ' 

Experiment Phase 3 showed that the deformation 
at 27 bar was too hipjt Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the targe casing wekSng act ae stWenere. It was deter- 
mined to add a stifener in the plane of welding which 
can be 'anchored* in the area of tow deformation. 

Experiment Phase 4 

A f ul length prototype with two 7 Inch casings (9 
mmthk*me*e)conriectedtoa95«t^ 
fc<medto«insideel0.6nchcyfcx^.ThU 
was pert ormed using the same jg used for Experiment 
Phase 3. but with a jack with 50 metric tons capacity 
Instead of 30 metric tons. .( 

a) Deformation Jig 

The deformation jig was modified to acceptahtpher 
deforming force and the bar which supports the fixed 
half shed was reireorced. The fg was bolted on a frame 
and a crane was included m the f fame to in ma Junction 
and deptace It dumg the deformation process. 

b) Deforming Process 

The change d Dimension of the Joined casing dur- 
ing deformation was measured using a siding gauge. 
Such change of dvnenston was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Deformation started at the middle of the Junc- 
tion where it is stillest and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The deformation on the bottom of the junc- 
tion wa» too high w ine irst run and reached nearV 10 
inches. At the mictfe of the Junction, the deformation 
was about 10.6 riches. Except for the bottom end which 
s was deformed too much with negative curvature around 
the wedge, the remeinder of the jundion stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and deforming casings of thicker tubes, the Jig must be 
to rebuilt to accept large deforming forces. 

c) Conclusion 



The deformation of tie prototype of Experiment 
Phase4wasc»rK*JCtedeas«ywimth^ 
toga were reopened to *e original shape. 

Figure 4 is a peispective view of the branohfcig sub 
30 of Figures 3A, 3a 3C where me branching sub is 
shown after expansion. Threads 31 are provided at the 
top end of branch** chamber 32. Threads 31 enable 
branch ■* sub 30 to be covio^ 
c*ptoymentaiasutterrariea^ 
34, 36, 38 are shown expended as they would took 
cbwnhole at the end of a parent wet 

F iguree 5A-50 tJustralo an akerneJUVe three outlet 
branchtog sub 301 according to the invention. Bourse 
5A and SB itustrafls In radial end axial cross section 
views the sub 301 n its retracted posUon. Outlet mem- 
bers 341. 361 and 381 are illustrated with outx* member 
361 being about equal to the combined racial croes-sec- 
tional area of outlet merhbers 341 and 381 combined. 
Each c4trw.oUletrnsfTto« are deform 
around tubular shape to the shapes as ifestrated In Fig- 
ure 5A whereby the confcinrf 
nWT ^341,361end3B1substantialyf« 
area of branching chamber 321. Other cWamattan 
shapes may be advarftageous as mentioned above. 
Each deformed shape of outlet membere 341, 361 and 
38 1 of Figure SA is crwracterteed by (for example, of me 
outlet member 34 v a circular outer section 342 and one 
or more connect^ ncn<lrcular sections 343. 345. 
Such ncn-drcular sectione 343^ 345 aro cooperatively 
shaped with section 362 of outlet mernber 361 and 382 
of outlet member 331 soaetomaxiTteetheirrtemalra- 
i of outlet membere 341 , 361 



and 361. „ 
Figures 5C and SO ■ustrate the branching sub 301 
of Figures 5Aand 5B after its outlet membere have been 
fully expanded after deployment in a parent wet Outlet 
members 361 and 381 are illustrated as having been 
simultaneously expanded In a gently curving path out- 
wardly from the axis of branching chamber 321 and ex- 
panded radiafly to term circular tubular shapes from the 
deformed retracted state of Figures 5A and sa 

Figures 6A-6E show in schematic form tie size of 
expanded outlet membere as compared to that of the 
branchkig chambe- Fiojure 8A shows two outlet mem- 
bers 241, 242 which have been expanded from a de- 
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formed retracted state. The diameters of outlet mem- 
bers 241 and 242 are eubetantiaJlyaraetern^ 
ad state aa compared to their circular diamot»r» if they 
ooutd nol be expanded. Figure 6B repeats the cam d 
Figure 36. Figure 6C repeat* !he uneven 
configuration as shown to Figuree 5A-50. Figure 6D il- 
lustrates four expandable outlet members from a 
branching chamber 422. Each of the outlet members 
4^1. 442, 443, 445 a/ec< the same diameter. Figure 66 



Description of Forming Tool 

a) Oeecnpoon of Embodiment o< Figures 9. 10 



outlet s 



545 b emaaer than tie other four outlet members 541, 
542. 543, 544. Outlet member S45 may or may not be 
deformed in the retracted state of the branching sub. 



Description of Metal tor Expanding a Detowned 



Figures 7A-7E i 
122. 124. 126operatingat various depths in outlet mem- 
bers 38, 34, 36. As shewn on the right hand elds of Fig- » 
ure 7A, a generalzed forming head 122 le shown aa I 
ertersa deformed retracted ou1letrf)errt>ef, tor example 
outlet member 36. at location a Each of the forming 
heads 122, 124, 1 26 haenot yet reached an outlet mem- 
ber, but the heads have already begun to expandthe « 
outlet wal of branching chamber 32 outwaroTy as Illus- 
trated to Figure 7B. Tha forming heads 122. 124. 126 
continue to expand tha outlet members outwardly as 
shown at location C. Figure 7C etawa the torrid heade 

122. 124. 126 expanding tha outlet membewortwaroly » 
whle etiwttanoouely circuteriang them. Forming pads 

123. 125.1 27 axatercaai outward* by a piston In e^ 
d toe terming heads 122. 124, 126. Trw terming heads 

mtral wal region 150 
» body eo ee to simutaneouery * 
expend and form the oubet members 36, 34, 36 whle 
balancing reactive foroaa whle exjwidina. Figures 70 
and 7E isustmte toe torming step at locations 0 and E 
of Figure 7* 

Figures 8A and 6B Wustrate an axtaJy extending <o 
slot 160 In the branching chamber 32 of branching eub 
30. Such slot 160 cooperates with an orienting and 
latchng sub of a downhote forming lc*l tor radW poei- 
tfomng of euch orienting and letohing eub tor forming and 
expanding the rmriupts outlet members downhole. A 45 
notch 162 in branching chamber 32 leased to latch the 
dc^nholelomilnglcclataprecWer^ 

An extension teg 170 projects (towrrwardry Irom the 
central wal region 150 c4 branching sub 30. A toot 172 
is carried at the end of extension leg 170. In operation, so 
foot 172 Is towered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during training tod expancSng and other opera- 



ss 



m i9andl0Blustratethetc*mlrxjtcc4us«dto 

expend multiple outlet members, for example cutlet 
members 34. 36. 36 of Figures 3A. 38, and 3C and=ig- 
ures 7BL 7C, 70 and 7E. The forming tool indudec up- 
ho* apparatus 1 00 and downhole apparatus 200. The 
upiK^^Bjajtfatua 10X)indudeeatt 
102 prcejnwimed to control telemetiy and power euppV 
unfi 106 and to receive commands from and cespteain- 
toanafiontoarasnan operator. An up hotowlrichunil06 

lias ai east 1 1 ins 1 wirean 1 1 n sprrtrrf *~ 

eriej ctownhole apparatus 200 mrcsjg^ a parent wat 
caang end into tie branching dewitoer32dabiaseti- 
tag eub 30 which leconrwotedteandeafitodstfw^ 
dtw psasrtfeastog. 



_ r 200 Inductee e < 

head 202 which prevtoaaastrer*^^ 
caf eoanaetton to wire** 110. A telemetry, power aev 
ptesanricoTtroia module 204 Indwtoeccmenltonajto- 
larsetr*povmeuppK/eridcontr^ 
tooanvwunicaUwttiJr^wto 
116 eraJ to pfovkto pcexer and c«^ 
he* rnoddee. Hydrautlo power unit 206 inductot a ton- 
vandonej etectriceJy powered hydfflsJfepurnpforw 
cheng downhole pressurized riydrauftc fluid An orant 
tog and toJchtog eub 206 irxduoae a latching device 210 
(schemeticaJV Hustnrted) tor rating within notch 1S2 of 
branchno chamber 32 of Figure 6A and an calantingde- 
vice 212 (eehernatlcaeV lluelfa^ 
at* 160 of bfanching chamber 32. When the ctowritoto 
apparatoa200 is towered totobrarKhingsub».osaTa- 
i^c*we»212enteisftoeid160iwd6^ 
paxatua 200 is furtoer towered untl toe le*Jw>g etorfca 
2tt enters and latches within notch 162. 

Ffead travettog head 213 provides hydraulic fluid 
cemmunfcatton between hydraufc power unit 2D6 and 
ttatrevaing forming t>e^ 
Teeecook? Hnke 180 provide pressurteed hydraufc 1uid 
to7aveervjtorrr«ngrieade122. 124. 126 as the heeds 
122. 124. 126 move dowmw^drywimh toe rnu*^ 
let rnambera, tor example outlet members 34. 36. 38 of 
Fepree7B-7E. MonKortog heads 182, 184. 186arepn> 
vited to determine the radial dietary rnoved whit ra- 
dam/ towning on outlet member. 

Figure 10 Bluetratee traveling terming heads 126. 
124. 122 in dsTerentstageed forming an outlet mentoer 
dttranchtog6ub30.Fcnfwtghead 126isstx>wninout- 
lat rnamtoer 36. wh Ich is Muetrated by a heavy Ine batons 
racial tormeig in the retracted outlet member 36. Tha 
oudet member is shown In Hght toes 36". 36 a . where iia 
oudet member ta depicted aa 36* in an mtermecta» 
saga of torming and ae 36* In to final tormed stags 

Tha torming head 124 is shown aa K a raolstylarm- 
tog retracted outlet member 34 (h light Rne) to an nter- 
rrediate stage 34*. A final stage is illustrated as circular- 
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Lzed outlet number 34*. The forming head 124. like the 
other two forming rieede 126, 122, include* a pitton 151 
on which forming pad 125 it mounted. Piston 151 is 
forced outwardly by hydraulic fluid applied to opening 
hydraulic fine 152 and l» forced inwardly by hydraulic 
fluid applWtocloe^hydfaulteBne 154. Acafipersen- 
eor 1B4 b provided to determine the amount of radial 
travel of paton 151 and forming pad 125, for example. 
SultabkMahar«prtvidedbetwa9nth6pteton151 and 
the forming head 124. 

The forming head 122 and forming pad 123 are fl- 
lustrated in Figure 10 lo indicate tiat under certain cir- 
cumstances the shape of the outlet member 3B may be 
•over expanded- to create a slightly oblong sraped out- 
let such « when rarittforrn^^ 
123 and lormtog head 122 to removed, the outlet wil 
eprlng beck to a eiaxiaw shaped 
Ky of the steel outlet rnernber. 

At f>e level of tw branching chamber 3£ forming 
heads 122, 124, 126, balance each other against the 
motion foroee what toeing the watt* d the chamber 
outwardly. AcooKfine*/fia 1orrnirtgrieads122.124,126 
are operated sirnusaneousl* f or sxarnple at level B of 
Figure 7 A, wheo toieing tie lower end of the wall of the 
branching ctiarnbst 32 o*e>w^ 
122 entars an outlet member SB for example, me pad 
reaction forces are evenly supported by the central wal 
rep)on 150 c* me branching c^^ 
Irks 190 may be rotated a smal amount so that the 
forming pace 127. 125, 123 can apply pressure to the 
right or left from tha normal axis and thereby improve 
the roundness or cacutoiy of too outlet nwrnbers. After 
a forming sequence is pertomw* for sacample a* loca- 
tion D In Figure 7 A. *>e preeeure to released from piston 
151. and Ins telescopic anks 180 tower tie forming 
heads 122. for example, down by one step. Then the 
pressure is raised again for fojmeig to outlet members 
and so forth. 

The compcetbn of the materials of which the 
branching tub 30 wccrwlructedis preferably of an alloy 
steel with austentc structure, such as manganese 
•teal, or nickel aHo>* such as •Monef and 1 neoneT se- 
ries. Such rnaterlalsorcvicto siibst^ 
tkm with cold forming hereby prcvldTng etrer^gtfiening, 

b) Deecnptkxi of AJtomaftve Errxxx*ment of Figures 
15A-15D. 16 and 17A-17D 

An ahematrve reforming tool Is llustrated in Fig- 
ures 15A, 15B. 158*. 15C. 150, 16, and 17 A-1 70. Tha 
poet-fbrmhg tool 1500 ie supported 
rwieccxT^enUrfRgureQirKluo^ 
telemetry, power supplies and controls module 204. hy- 
drautic power unit2D6 and en orienting and leJchingsub 
206. Figure 16 iHustatea that post-forming tool 1 500 in- 
cludes a travel actuator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7 A to a lower extended position as 



shown h Figures 17C and 170. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate positions depending on the de- 
sired travel positions of lorming heaos in the outlet mem- 
5 bars. 

Figures 16 and 170 iTustrate a two forming head 
embodiment of the post-terming tool 1500 where two 
outlet members (e.g.. see outlet members 1560 and 
1562 of Figures 1 SA-1 5D) are illustrated Three or more 

to outlet members may be provided with a corresponding 
number of forming heads and actuators provided. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardry into outlet members 1560. 1562 as piston 

15 1 512 moves downwardly. 

Actuator cyfindors 1516 each include a hydnatical- 
ly driven piston 1518 which receives preeeurfeed hy- 
draufc fluid from rtydraufc power una 206 (Figure 9) via 
travel actuator 1510 and Ms 1514. The piston 1618 b 

» h an upper position as lustraled In Figures 17A and 
17Candv»alowerrx^ion8aiHustfBtedlnF^res 17B 
end 170. 

The actuator cylinders 1516 are prvotaty Inked via 
Inks 1524 to forming pads 1520. The pistons 1518 are 

as inked via rods 1526 to expanding raters 1522. As 
shown in Figures 17A and 15B\ the forming pads 1520 
enter an opening of two retracted outlet rnembers as il- 
lustrated In Figure 15a The expanding rotters 1522 and 
lorming pads 1520 are in a retracted position within re- 

« traded outlet members 1560. 1562. 

The piston 1512 is stroked downward^ a small 
amount to move actuator cyfMere l516downwarc*ya 
small amount Next, pistons 1516 are stroked down- 
wardly causing expanding rollers 1522 to move along 

x t>etxinedinUrw face o! for 
thepaoetopushoutwa/oVagain^ 
retracted outlet members 1560, 1562 untl the outlet 
members achieve a circular shape at that levst Sunui- 
taneously, the outlet members are forced outwardly 

40 from the axis of the multiple outlet sub 1550. Next, the 
pistons 1518 are stroked upwardy, thereby returning 
the expanding rollers 1522 to the positions as shown in 
Figure 15C The piston 1512 la stroked another smell 
distance downwardly thereby mcaring the lorming pads 

45 1520 further down into the outlet members 1560, 1562. 
Again, the pistons 1518 are stroked downwardry to fur- 
ther expend me outlet rnsmbers 1560. 1562outwartfly 
and to circularize the ouaete. The process Is continued 
untS the positions of Figures 150 and 170 are reached 

so which Illustrate the position of the forming pads 1520 
and actuator cylinders 1516 at the distal end of the mul- 
tiple outlet members 1560, 1562. 

Description of Method tor Providing Branch Wess 

66 

Figures 11 A-11 H and Figure 12 descnoe the proc- 
ess for establishing branch wells from a branching sub 
30 In a welL The branching sub 30 is illustrated as having 
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three outlet members 34, 36, 36 (per the example of Flg- 
uree 3A, 38. 3C and Rgoree 7A-7E) but any number of 
outlets may also be used as ilustrated In Figures 6A- 
6E. Only tie outlets 38. 36 are flustrated from the axial 
efoss-sectional views presented, but of course a third 
outlet 34 exbts for a three outlet example, but His not 
vis tola n Reviews of Figures 11A-11H or Figure 1 2. 

Figure 1 1 A shows that the branching sub 30 is first 
connectedtothe tower end da parent casing 6W which 
is conveyed through nternwdtaie casing 602 (tf 
present)Jrtermedlatecasirigere 
is typtealy run through surface casirwj 600. Surface cas- 
k>g 600 and intermediate casing 602 are typicaJry pro- 
vided to foe the welixxe. The parent casing 604 may 
be hung f rom Weirnediate casing or from tie ws*> 
head at the su rfaee of the ear* or on a production ptat- 
form. 

The outlet members 36. 38 (34 not shown) are n 
the retracted poatton. Stot 160 and notch 162 are pro- 
vtdadta branchJrigcriamber32d branching eub 30 (eee 
Figure 12) to oooperate with orienting device 212 and 
tatchhg device 210 of orienting and later** sub 206 of 
downhole apparatus 200 (Sea Figure 9). When the par- 
ent casing 604 is eel ctownhota, tha branching sub 30 
may be oriented by robitirigtr^parerilcaaing604orby 
rotating only the branching sub 30 where a swivel Joint 
is instated (not illustrated) at the connection of the 
branching sub 30 win the parent weH casing 604. The 
orienting process may be mor*ored and ccrrtrdled by 
Gyroscopic or iricttncmeter survey metioda. 



Description of Alternative 
l8Fand19A-19C 



Embo o STwnt of Figures 18A- 



Figures 18A-1BF „_ 
_tlet membeis si a retracted stats) of a branching sub 
acoordtogtoan alternative ertteolnnertofthelrwsntioa 

shea Concave deformation of retracted outlet mem- 
bars, under certain drcumstancee. provides aovantag- 
as for particular outlet arrangements, especially for 
three or more outlet nodal junctions 

Figure 16A iauetrates, in a radial cross section 
through friee 18Aof the branchtigctuarnber 1821. d the 
branching tub 1 860 of Figure IBB, tiat the outlets have 
a concavs shape. Stiffening sbucture 1900 is provided 
attwjunctumrteechoutletrneniw 1642, 1861 
wfthrtsneighe<x.Aearesun,thear^ 
ptastb deformation is reduced as the number of outlets 
Increases. Providing tie retracted shape of the outlet 
members, as * Figures l6AandiB6\ allows minimiza- 
tion of the area to be detormedl and simultaneously re- 
spects the principle of deformation of a ruled surface 
shell that allows expansion by post-forming with a min- 
imum of energy required. Figure 18A aiustrates an en- 
veJope 1 610 ol the overall diameter of the branching tub 
1850 when the outlet members 1861, 1642, 1861 are 
retracted. The arrow 1806 points to a circled area of 



structural reWorcement Arrow 1804 points to an area 
of concave oeformation of the outlets in branching 
chamber 1621. 

Figure 18C illustrates the branching sub 1650 at a 
s icngltudsial position at tie junction of the outlet mem- 
bers with a racial cross section through sneslSC ofFtg- 
ure 18a Arrow 181 0 points to tie outer envelope of the 
branchtog sub In Its retracted state. Figure 18D »u«- 
t rat es the branching sub 1 BS0 near the end oftheoutlets 
io while fci a retracted state. Arrow 1 810 points to the outer 
envelope of branehtig cub 1850 in the retracted state, 
while arrows 1861'. legend 186V poW to o^ied line 
outlines ol the outlet msrnbers 1881. 1642 and 1861. 
respectively, after expansion, 
rs Figures 16E and 18F Mustrate the branching cub 
1850 in an expanded state where Figure 16E is a radial 
cross section of tvougji tie outlet members at tie end 
of tha outlet Arrow 1810 points to tie outer envelope of 
the branching sub 1850 when In a retracted state; arrow 
20 iBIffpoiriUtothe outer envelop when the out« 
bers 168V. 1842* and 1861' have been expanded 

A preferred way of placing the outlet members 
1881. 1842, 1961 into tie retraced stats d Figures 18A- 
18D is to construct the subwtth tie geometry of Figure 
25 i8EarxJ apply ccrxa^pasrsakKigth^ 

axis symmetry of the Juration. The ddom^alon le pn> 
gresslvely greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire June** d outa* rnembere 
M 1881. 1842. 1861 to branching chamber 1821 prefera- 
bly irieludee weMeig d eijpw 
nidts44>ased altoy. (Monet or Inconei. tor eararnpls) hi 
the deformed areas and materials of higher yield 
strength In the non-ceformed part of tie branching suo. 
ss Electron beam wekang is a preferred metiodof wekfing 
tr^conxxx^shsl (if tie branching sub. bec^ 
tron beam wefcftig minimizes vwkxng inAx^ stressss 
and allows joining of sections of different compositions 
and thick waJb with minimum bss of strength. 
40 Figures 1 9A. 1 9B and 1 9C akistrats a post-tormiig 
tod 1 926 similar to the post-forming tool of Figures 1 5BT- 
150 and 16 described above. An actuator sonde (not 
shown) supports the post-forming tool 1 926 including 
actuator 1910, push rod 1927. and forming roSers 1929. 
45 Figure 19A shows an axial section echematb of tie 
post-tarrreng tool 1926 operatlrig In one outlet member 
1881 of branching sub 1850 when It begin* to expand 
tuch outlet number Figure 1 96 Biustrats* a similar sxinl 
section whers actuator 1 910 has been stroked outward- 
so ly to lores push rod 1927 and traveling forming head 
1928 downward, wfti forming rollers 1929 expanding 
outlet member 1881 outwardly whOe simultaneously 
rounding ft. Figure 19C shows a vertical cross section 
through the branching sub 1850 win a travsfing lorming 
55 head 1928 in each of tie three outlet members 1881. 
1842. 1 861 . Forming rollers 1 929 force the concavs por- 
tion of outlet members 1881 . 1842 and 1861 outwardly 
while support rollers 1 931 are supported against sWfen- 
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ing structure 1800. Push beam* 1933 provide a frame 
far rotational* supporting lorn** rollers 1 929 end sup- 
port rotters 1931. Spfingt and snkages (not Blustnasd) 
are provided among push beams 1 933. towing roaw 
1 929, and support rollers 1 931 to insure that all mowing 
pans retract to a top position to that the overall tool * 
ametar cclapses to tie diameter oi the orarKhing cham- 
ber 1821 (Figure 18B) of the branching tub 1B50. 

In operation, the traveling forming head 1 928 ofFig- 
iim i9A-19Cteaoweaeequenee of steps similar tots* 
described above wHh respect to Figures 17A-17D. The 
port-forming tool 192S to conveyed by means ofawire- 
tow and Its associated eonde wlh cable riead. telemetry 
power suppeee and controls sub. hydraufc power ti*. 
and orienting and latching sub, arid to set eo ttwjl the 
artuelorigiOseatsBt^twtopofmeM^^^ 1 *- 
•rang structure 1800. The taming forming head 19BB. 
oornprtoing push beams 1 933 carrying forming roters 
1929 and support rotors 1931. Is pushed dumieamly 
by poeierlngactiialor 1910 sottiattheexparislonofas*h 
outWmernber (..g., 1881. 1842. 1861)beginealilstop 
errfwheretexltofromtieli^^ 
conunoe* to the lower and of eacnctfW member. Th« 
i Is repeated untH the proper circular snaps is 



Figure 11B Hustratas the forming step descrtoed 
above with forming heads 122. 126 st*^ forming out- 
lit membe« 38. 38 wim hydraute 
by telescopic Irike 180 from hydraulic power unit 206 
and fixed traveling head 21& The outlet members 36. 
SB are rounded to rriarimfce the diameter d the branch 
wmH and to cooparaU by fitting w*h fir^f hangers or 
packers in the stepe cVMcri>ed below. The forming step 
of Figure 11 B also etrengthene the outlet members 36. 
36 by their being cold formed Ae ctoecrtoed above, tie 
praf erred mMarW of the outlet members 36. 38 of tie 
branching sub Is alloyed steel w» oti austenWc struc- 
ture, each eamariganeee steel. whichprovlctosi*etsn- 
tini ptaatic defomaiuon combined with high streoottan- 
jng. Cold forming (ptaetic deformetlon) of a nickel aloy 
steel, such as Ineonel'. thus increases the >eid 
strength of the base material at the bottom end of ihe 
branching chamber 32 end In tie outlet members 36. 
M. The oudetmernbers are formed into a final subsarv 
tMydreular radial crcaa-sect^ 

As descrtoed above. I to preferred under moeteon- 
cflbons to convey and control tie downrwto forming ap- 
pend 2W by maw dwlretna 110^ 
conditions, ag.. umkr^alanced weHbore conditions, 
(or * a h ighfly deviated or horizontal we M) a coiled tiding 
equipped with a wireline may replace tho wireline atana 
As Illustrated in Figure 11 B and described above, the 
downhole forming apparatus 200 is oriented, set and 
locked tto the branching sub 30. Ulching device 210 
snaps Mo notch 182 as shown In Figure 11B (see eJeo 
Figure 12). Hydraulic pressure generated by hydraulic 
power unit 206 « applied to pistons in forming heads 
1 22. 126 that are supported by telescopic links 160 Af- 



ter a forming sequence has been perfomeol tw pres- 
sure is released from the pistons, and the telescopic 
links 180 tower the forming pade cow* by one step. 
Then the pressure is raised again and so on untl the 

s forming step is completed with the outer members cir- 
cularized. After the outlet mergers are expanded, the 
downhole forming apparatus 200 is renewed from the 
parent casing 604. 

Figures 1 1 C and 11 D Wustrate the ewrienting steps 

to for cenneding the oarer* casty 

sub 30 *to the welt Plugs or packer s HO are installed 
Wo the outlet members 36. 36. The pretarTedaray to set 
tie packer* 800 towifoann*lpler*ead*nga^^ 
veyed either by cemerthg string 804 crac^ ^ 

rs (not illustrated). A mutfrls head st inger nc 
pie heade each equipped wtth a cemsxdffv — ~ 
Theetbe*f802tolalelw*afrf 
chamber 32 of branching sub 30 in a rwiie* simitar to 
that deecribed above wah respect to Fejae tIB. Ae •- 

» luetrated ti Figure 11 D.cement 900 is vaacted via the 
cafTierittogstrlrigeMlrto 

ftetmg the packers 800 flows through ccearantional 
check valves (not shown) into the arwuue osaalde par- 
ent casing 604. Inducing tie bottom branctaag section 
26 1000. Next, trie earner^ string 804toa^ 

hole after rJsconneceng and leaving aadaara 800 ti 
place as shown in Figure 11E. 

Ae ehown h Figure 11F. irvJvidual trancti wets (e. 
g. 801) are eelectively drised using any ******** 
M technique. After e branch wtl has been drfaad. a liner 
805 is instated, connected, and eea tod n*m outlet 
member. 36 for example, with a ou^tjuuaJ Icaebg 
hangar 806 at tie outlet of the brsreritog eat> 30 (See 
Figures 11Qand 11H). The Inermay bei aBanled (as 
x Bustreled In Figure 11Q) or It may bar 
pencfcigcritr*proAjatonorv^^ 
a second branch well 806 may be oYttod i 

in Figure 11H. 

Figure 12 illustrates completion d branch wees 
40 from a branching subs* a ncderf a pe^ 

parent casing 604 run trough intermeaate casing 602 
and surface casng 600 from weUheas 310- As men- 
tioned above, parent casing 604 may be hung from In- 
termedfeite casing 602 rather than Ir om eeihoad 610 as 
45 Illustrated. This preferred method of uj spMaag the wet 
to to connect tie branch wete 801, BOB to ■«townhoto 
rranifold612setinmebrsrv*w^ 
junction of the branch weRs 801. BOB The downhole 
manifokJ612 to orientedand latched in fr-***^**^ 
50 ber 32 in a mamer similar to that ol thodo«*iote form- 
rig tool as ilustrated in Figures 8A. fcBand 11 B. The 
downfwtomanHoW612allDW 
tion of each respective branch wel and provides for se- 
lective reentry of tie branch wets 801 .3)8 earn testing 
5* or maintenance equipment which rna# be conveyed 
through production tubing 820 from the surface. 

In case of remedial work in the parent casing 604. 
the downhole manifold 612 can isolate the parent well 
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from the branch wells 801 ,808 by ptogging the outlet of 
the downhola manifold 61 Z This is done by conveying 
a packer through production tubing 820. and tatting it 
in the outlet of downhole manifold 61 2 before cfiscon- 
necting and removing the production tubing 820. \6lvee 
controlable from the surface and testing equipment can 
also be placed in the downhole equipment. The down- 
hole manifold 612 can also be connected to mutJpre 
completion tubing such that each branch wett 801. 608 
can be independently connected to tie surface well- 
head. 

The use of a branching sub tor branch well forma- 
tion, as described above, for a triple branch well config- 
uration allows the use of dramslicaiy smaler parent 
cas«>gascorrparsdlotrtatrec^irsd 
rangememofRrajfoalAarid^ 
tw«^ the branding eubolamet* 
panded outlet dfameierOo, and *>enwBtiTwm diameter 
of a oorivanttonal axial branch 0, far • two outlet case 
is shown In Figure 19A. and lor a two outlet case in 
Figure 1» The earns kind of sneJyetoeppllee far other 
mulipto outlet arrarigernents. In comparison to an 
equivalent axW branching that ooiifa be made d triers 
packed at the and of the parent casing, the branching 
wrtmethoosandappars^ 
Iowa gah h branch aosa-eactional area ranging from 
20 to 60 percent 

Figures 14A-140 isustrate various uses of two node 
branch wait conf^^lralions according to toe Invention. 
Rg^res14Aandl488lustrafaabranchingsubatar^ 
ecoording to the Invention. Figure 14C ifcjstratss how 
branch wets may be used to drain a single strata or res- 
ervoir 1100. whsa Figure 1 40 fllustiatsatieuseofaain- 
gfanode by which multiple branch weieareoYectedlo 
dtfsrent target zones 1120.1140, 1160. Anabranch watt 
may be treated as a single wal far any intervention, 
plugging, or abandonment separate from the other 

Description of Alternative EmbocSment of a Branching 
Sub According to the Invention 

a) Description of Alternative Branching Sub 

Rguras 20A and 20S snow an alternative smbocfi- 
ment 3000 of the invention of a branching sub. Figure 
20 A shows an extorter view of the brawling sub 3000 
Including a housing 3002 having tvsaded enos 3004, 
3006. The branching sub 3000 of Figures 20A, 20B is 
ilust rated in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 which 
defines a feed through channel 3011 (see Figure 208) 
aid at least one tateral branching outlet 301 2 which de- 
flnas a lateral channel 301 3 (see Figure 20B) . A branch- 
ing chamber 3008 Is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BHA) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012. 

In a retracted state, the branching sub 3000 may be 
pteced in series with sections of we* casing and posi- 
tioned in a borehole wan tha running of trta casing string 
s into the borehole. After rdseement m the borehole, the 
housing of tha branching sub 3000 is post-farmed so 
that both the feed through channel XII and the lateral 
channel 301 3 (or multiple branching outlets) are shaped 
to a Rnai geometry which increases resistance to pres- 
to sure and which rnaximkee the drfo diarneter of the lat- 
eral channel 3013ar¥Jt^feedtr>roug^cr«rv>el3011. 
Longitudinal ribs 3018 provide strength to tfte housing 
3002 of the branching sub 3000. Lcngtuolnal rto 3016 
extendetr»eentiraaxWlenp^ of theory 
i* and Is integral with tie BHA deflecting area 3015 tor a 
distance from tha bosom twsaded end 3006 of the 
branching eub 3000 fa iMfarafichlngchswborSOuU 

Figures 21A-210 schematic^ festrate the 
brajxhiigsubSOOOhtoiatractsds^ 
to 21A.21B) and h to expanded state (see Figures 21C. 
21D). mfwrerjactedsssteetwwn h Figures 21 A, 21 B. 
tha mam pipe 3010 and tha brarK^«Jtlet3012have 
bsenrxsfebricatedsoraaiem 
0 of tha bwiching sub 3000 is not graatar than tha top 
2£ threaded end 3004 orborfamtrwsaoadendSfm Rgure 
21 B, taken along section ine 21B of Figure 21 A. ITus- 
trates the oblong shape of the feed through channal 
3011 erf ma* pipe 3010 and of the kaUraJ ohannet 301 3 
of lateral branching oudet 30 1 2. In the retracted state. 
jo brav*hgsub3rjOOcanbaplac^ 

borehole casing and run Into en open borehole to a se- 
lected depth. 

Figures 21 C and 210 sehamatlcaJly ttistrete the 
branchbg sub 3000 after 1 has had Its feed ftrough 
* channel 3011 expanded and sa lateral rjhar^^ 
panoad.Thernaxlmiumds»«ie«w^ 
pertewnedctowr*^ el section 
pared tothe diameter 0 of the top and bottom threaded 
ends 3004. 3006 of ths branching sub 3fJ0a Figure 21 D 
40 illustrates that the main pipe 3010 and the lateral 
brajKttr»g*itW3012«X^^ 
ward* from their retracted state of Flrjjree 21A. 21 B. 
but that *ey have been subatanflaty circulated. Thus, 
to Figure 21 D, feed tVough channel 3011 and lateral 
4$ channelM13are character^ by sub^ 
intsmal diameters. 

Tha downhola posMonnlng method and apparatus 
illustrated and described ebove by ref ersnce to Figures 
7A-7E. 8A. 8B. 9 and 10 are used to expand the feed 
so through channel 3011 and the lateral channel 3013. 

The construction of branching aub 3000 to based on 
ths combination of rrssarieJ and geometrical properties 
of ths BHA deflecting area 3015. The material is specif- 
ically selected and treated fa allow a targe rata of daf or- 
ss n»tlonwithoutcracl*Theg 

that both ts corribtosd thickness and shape ensure a 
continuous and progressiva rats of deformation during 
the expansion. The ptasoc deformation increases the 
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yiold strength by cold work effect and hence gives ths 
joint an acceptable strength thai is required to support 
the pressure and liner hanging forces. Figure 22 thorn 
that the yield strength after expansion increases with the 
rate of def ormat ion of the outlets. A preierred matanaJ 
for use in the post-forming areas is a fine grain norrnaf- 
izad carbon steal or an austenitfc manganese aDoyed 
steel that reacts favorably to cold working. A preferred 
construction method is to manufacture drflerent specific 
component* k\ order to optimize the material and form- 
ing procoa* of oach particular part In a final stage, the 
components are welded together so that tie housing 
3002 becomes one single continuous structural shsl 

b) Deecnption ol Use of Artamathre Branching Sub 

figure 23 scherratiDsJIyl^^ 
temafive branching sub 3000 as Described above. A 
pref erred use of tie branching sub 3000 is torpravkftng 
mutipb branches in a parent wefL Such muHpsi 
branches may improva the drainage* a eubterranaen 

Before the invention of tie branching aub 3000 of 
Figures 20A 206 and 21 A-21 D, connection of a lateral 
branchtoaparemwelrutttfjrre^ 
arrangement of several parts with seating of t» branch 
wed to tie parent well win rubber, resin or cement Such 
Joints require a complex method of InstaPatton and 
present a risk of hyckwfc 
pressure cyctes in t>e wsl 

Ths branching aub 3000 accoiolng to the invention 
albwa for providing mutJpie branches from a parent 
casing wtti no seeing joint, but wit* cofwentawl wwr 
hanging packers and casing Joint* The geometry of tis 
twusing3002oftW)bfwchtvjsub3TO 
sure rating of ma aub and tie size of the branch to be 
maxknized with regard to the parent casing stee. Figure 
23 shows an example of the uee of a branching sub 3000 
where alter expansion dovmhole. branch weBs 3014 
are provided to separate parts of the eartVe crust by 
means of lateral channels 301 3. The branch walls 30- 4 
can be ueedfor extraction, storage or injsctimrf varices 
nuktesuchasrnonoorpc*i*a^ 
products, steam or water. 

c) Desert* ton of Deflection Apperatus arxJ Prc<edures 

Figure 24 ilustrates how a drlbng too) 3030 can be 
guided or deflected from main pipe 3010 into lateral 
branching outlet 301 2 after tvs branching sub 3000 has 
been expanded downhoto. A deflecting tool 3036 is set 
jn man pipe 3010 by means of elements which cooper- 
ate wlh the positioning groove 304^ arid ona^ 
and slot 3042 Wustrated schematically. 

Severe! lateral branching subs can be stacked in 
tandem at a location in the well or at several places 
along the casing string in order to provide optimal com- 
munication with various formations from the parent well. 



Figure 25 illustrates two branching subs 30C0 ac f°^ n ^ 
to the altemative einbodiment of the iriventa which are 
connected In tandem in a casing string 330a Where two 
or mors branchhg subs 3000 are connected in a casing 

s string 3300, each sub can be oriented wititiesameor 
a different face angle lor the lateral branches. Asa con- 
sequence, different angular orientations tron the parent 
well may be provided to reach a Isige volume cleubter- 
ranean formations with different lateral branches. The 

to castig suing 3300 rnay be oriertedvertic^ 

tally, or It may be Wed; but the lateral brarstresinay In 
any case extend Merely from the parent cosing. Al- 
though departing at a narrow angle from the casing 
string 3300. lateral boreholes from tie latsreJ reflets of 

r* brenchtogsucaSOOOcanbedfrectx^ 
ticaJ. deviated or horizontal oriereaaoa 

Figures 26A end 26B*e^ea*wei*cap3400 
welded about the opening of Wsrei brencWng outlet 
3012 hi fcs retracted and expanded concttons. reepec- 

m ti^. When conveying tw casing stririg ireotrebere- 
hoie.the cap 3400 isolates the IstsreJcherewi 3013 from 
the borehole and rnahttaine e efferent* p re ssure 
across the casing wafl which may be rso^jired to control 
the borehole pressure when casing * conveyed otown- 

ts hc4e.VVrrentheleieralbrare»istoD^ 

tool bores through cap 3400 and Into a frenrtiontolorm 
a latsral branch. 

d) Description of AcVantages and Features of 
jo Attema^ Branching Sub 

As mentioned above, a single bfarcraxj aub 3000 
can be provided with more tun «ie latere! outlet Such 
mutts* outlets can bacccaanar wth eeenctrerornon- 

Jf otylejwAeirtojebrencfts^ 

sd in tandem wtti one or more c«ier txaachtagsubs 
3000 either at Its top end or Its bottom end. A branching 
sub30X»canbeprcvkfedwtthafoot*^ 
a sinter mereier to foot 172 of Figure 8A 

4© A lateral Drenching outlet 3012 of Figure 2DB may 
support a liner hanging packer which holca a liner con- 
nected to the housing 3002 in order to ieo gs me 
Drenching cfujmber 3008 from the borehole As^ropri- 
sle grooves at the top of the lateral bran ching o utlet 

as 3012 may be provided to eecure tie Iner hangar and 
preveretre srwfrom accidental 
let during the Iner setting operation or later. Atesnaliva- 
V. the Hedor wal of uV lateral branching outs* 301 2 
can be prwided without grooves. 

so TV» lateral branching outiet 301 2 can be terminated 
with a ramp that guidea the drlRng oft when starwng the 
drilling of the lateral borehole. Such ramp can prevent 
thectfKngbitfrcmacclo^ia^ 
main pipe 3010. 

u other structuree may be provided i nside the 
branchhg chamber 3008 such as a guidance ramp, sec- 
ondary positioning groove, or the Hke to lafidate con- 
vey hg equipment through the leed through channel 
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3011 or toward a specific lateral channel 3013. The 
branching chamber 3006. or the lateral branching outlet 
301 Z or the mall pipe 3010. can be provided with tem- 
porary or permanent flow control devices such as 
valves, chokes, or temporary or permanent recording 
equipment wfch temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3006 can al- 
io be provided with a production tubing interface with a 
tow connector, oraflowdrverter. or an Isolating packer. 
A lateral branch ti g outlet 30 1 2 can also be provided with 
an artificial IWng device such as a pump, gas influx in- 
jectors, and the like. 

Ae an alternative to the apparatus and techniques 
of Figures 7-10 tor expanding the main pipe 3010 and 
the lateral branching outlet 3012. an inflatable packer 
may be placed on the Inside wal of the rnain pipe 3010 
or the lateral branching outlet 301 2 wh ereby the expan- 
sion forced the pacluwwusad to expa 
plastic datamation. 

Various modflcations and aerations in the de- 
ecrtoed rnethode and apparatus wH be apparent to 
those sidled in the art of tie I oreooJng descnptton which 
do not depart from the spirt of the invention. For this 
reason, such changes am desired to be inctoded wtlhin 
the scope of the appended claims which include the only 
(rotations to the present invention. The descriptive 
manner which is employed for setting forth the embod- 
iments should be irtterprated as Hustrative but net limi- 



CleJme 



in said retracted position, are characterized by 
an outer curved shape when e radial crose-eec- 
Uon of saldbranchingoutlet mambera Is viewed 
f rem outside said imaginary cylinder. 

The sub of claim 1 wherein said branching outlet 
members, when m said retracted position, are char- 
acterized by an outer convex or concave shape 
when a racial cross-section of said branching outlet 
members is viswed from outside said imaginary cyl- 



3. ThesubofcWmlwhefewsaJdoutletmembersare 
designed and arranged such that ine»dox|>ended 

is posllon. each of said mutjple outlet members ex- 
tends in an arcuate path from said biarching cham- 
ber outwordfr of eaid imaglriaryc^^ 

4. The sub of claim 1 wherein said mutiple outlet 
to merrtberainsaWexparKiedpostk^ 

lied by a substantWy dreusv mdW croee^ection- 
aj shape. 

5. The sub of claim 1 wherein sa« mutts* branching 
25 outlet rnernbers are tormed of anwten^whichrnay 

be olaaucaBy deformed by cos * t eeming. 

& The sub of daim 5 wherein said material it an al- 
loyed steel with austenluc structure. 

90 

7. The sub of daim 6 wherein said material is a nickel 



1. A multiple branching tub designed and arranged for 
deployment in e borehole axnoneing: » 



a. The sub of claim 1 wherein eech ol seid mutiple 
branching outlet members is of substantialy the 



a branching chamber having an coon first ond 
of cylindrical shape and a second and. said 
branching chamber designed arid arranged for 
sealed connection at said first end to casing in 
a borehole; and 

multiple branching outlet rnernbers, each of 
which is Wegrafy connected to said second 
and of said branching chamber, each of said 
multiple branching outlet members being in flu- 
Id ocmmur*ation wtth ssJd branching cham- 
ber, said sub characterized by 
a retracted position for insertion into a borehole 
in which each of said multiple outlet rriembers 
is substantially totally within an irnagrary cyl- 
inder which la coaxial with and of substantially 
Ihosan^radh^aasakjnrrterKJdsaxJbrarx^ 
ing chamber; end 

an expanded position in which at least one of 
said multiple outlet members extends from said 
branching chamber In a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet members, when 



0. The sub ol claim iwriereinet least one of said mul- 
tfcls branching outlet rnernbers is characterized by 
40 a radial crce*-eectlonal aree which ie greater than 
at least one other of said muRole branching outlet 



10. The sub o( ctakm 1 turthiK competing a teg memtxw 



-.and a foot 



second end of said branching 
disposed at a rJatal end of said lag. 

11. The eub of claim 1 wherein a central support region 
ie defined at said second end of said branching 
chamber between htegmlconiw<aionsof said mul- 
tiple branching outlet members to said second end. 
and further comprising: 

an extension leg carried from said central sup- 
port region which extends axialry beyond said 
multiple branching outlet rnernbers; and 
a foot disposed at a distal end of said leg. 
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1Z A brartohing tub designed and arrange for deploy- 
ment in a borehole comprising: 

an fttegral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a mail pipe, and a branching outk* with 
said main pips and said branching outlet each 
being longitudinal!/ below said branching 
chamber and each being in fluid communica- 
tion with «ud branching chamber 
said top end of said housing being above said 
brenchhgchambwendbemgaoa^ 
nection to borehole casing, and wherein said 
tap end iscriaracterizod by acoiwtecticndTarn- 

eaJd branching sub chaiactsrked by a retracted 
state for Insertion Into a borehole h which t>e 
tagestdtanstsrofsaJdhai^ 
along to longsucfinal length It no greater than 
said connection diameter, and 
an expanded state in which said branching out- 
let extends outwardly from said branching 
chamber wth a cfameter of said housing in said 
expanded stats being greater than said con- 
nection diameter. 

13. The branching sub of dalm 12 wherein said main 
ape has an end which defines said bottom end of 
said housing and which extends longttuolnally be- 
ow an end of said branching outlet. 

14 The branching sub of claim 12 whereh said main 
pipe has threads provided at said bottom end for 
amotion to borehole cashg below. 

IS. Tne branching sub at daim 14 w^ 

sd stats said main pipe bcharacterfzedbyacircutar 
nside radial section shape a! said bottom end and 
ay a norvorcular inside radial section snaps at a 
cr>c*iJdinaJposmon belcwsaidbrarichingcrwnber 
and above said bottom end. and said branching out- 
et is characterized by a non-circular inside radial 
section shape at a lor^irial position bslow said 
aranching chamber. 

1& ThebnwKhingsubofctaJm 15 whers in ths expert 
ed slate said branching chamber end said main 
p*e axe characterized by a substantially constant 
first dtamettr of a circular Inside radiaj shape from 
said top end to said bottom end, and aaid branching 
outlet ts characterized by a substantialry constant 
second diameter of a circular inside radial shape 
horn said branching outlet end to said branching 
chamber. 

17. The branchhg sub of claim 1 3 further comprising a 
first longitudinal rib which is integral with said houa- 
ng and which extends from said bottom end to said 



top end in a path along the exterior of said housing. 

IB. The brancrw^ sub cf claims 

second longitudinal rib, spaced peripherally from 
5 said first longitudinal rib which extends from said 
bottom ertftosaidtopendinapafi along the ex- 
terior of said housing. 

19. The branching sub of daim 18 lurther comprising a 
io deflecting structure which separatee said main pipe 
from said branching outlet from said branching 
chamber Icntftuolnally downward to said end of 
said branching outlet 

is 20, The branching sub ofclain 13 hirihar comprising a 
onlabie cap secured to said end of said branching 
outlet 



25 



so 



ss 



40 



45 



SO 



ss 



15 



EP0823 534A1 




FIG. 1A 

PRIOR ART 




r*yfi2 
00 FIG. IB 



PRIOR ART 




TARGE Tl 



FIG. 2 PRIOR ART 



16 



EP0 823 S34A1 




; ■ 

EP0 823 634A1 




FI6.4 



18 



EP0 823 S34A1 




FIG. 5D 



EP 0 823 534 A1 




FIG. 6D FIG. 6E 



20 



EP0823S34A1 




EP0823 534A1 





o£jco to 




22 



EP0823 534A1 




FIG. 8B 

23 



EP0 623 534A1 



DOWNHOLE 



20" C»8CEH|A0. 



4 



204 



208 
210 



213 
180 



126 



TELEMETRY 
POWER SUPPLIES 
CONTROLS 



HYDRAULIC 
POWER UNIT 



ORIENTING 
AND LATCHING SUB 



TRAVELING HEAD 



V 



212 



TELESCOPIC 
LINK 



s 



180 



TELESCOPIC 
LINK 



127 



122 

L 



' TRAVELING 




TRAVELING - 


FORMING 




F0RMIN6 H 


HEAD 




HEAD 


MONITORING 




MONITORING 


HEAD 




HEAD ( 


186-* 


182 



UPHOLE 




TELEMETRY 
POWER SUPPLIES 



COMPUTERIZED 
CONTROL UNIT 



T 



. '102' 
i i 



OPERATOR 



-123 



100 



FIG. 9 



24 



V 

« ,} 



EP0823 534 A1 




" ^( 



25 



EP0623B34A1 




FIG. 11C FI6.11D 



26 



EP0 823 534 A1 




28 



EP0823 534A1 




0o=O7l=0s/2 + Ds/n 

FIG. 13A 



C*7Tx Ds/3+Ds 
Dc=3Ds/(3+2/3) 
Do = C/7l = Ds/3 + Ds/7T 




FIG. 13B 



29 



EP0 823 534 A1 



FI6. MA 

Or 



WELLHEAD 




WELLHEAD — 



PARENT 
WELL 



NODE 




FIG. 14B 



PARENT WELL 
MMARYNODE 

PRIMARY BRANCH 




SECONDARY NODE 

CONDART BRANCHES 



WELLHEAD — - ] [ 
PARENT WELL- - " ' 
PRIMARY NODE 

PRIMARY BRANCH 




FIG. 14D 



1140 



30 



EP 0823 634 A1 



1550 




FIG. 15D 



31 



EP0823S34A1 




EP0 623 534A1 




EP0 823 S34A1 




35 



EP0623 534A1 




EP0623S34A1 





FIG. 18D 



EP0823S34A1 




EP 0 823 634 A1 




41 



EP0823 534A1 




43 



EP0823 534A1 




RATE OF DEFORMATION 

A= YIELD STRENGTH BEFORE DEFORMATION 
8 = YIELD STRENGTH AFTER DEFORMATION 



FIG. 22 



EP 0 823 534 A1 




EP0823 634A1 




FIG. 24 



EP0823534A1 




EPO023 534A1 



EUROPEAN SEARCH REPORT 



EP 97 30 S79B 



DOCUMENTS CONSIDERED TO BE RELEVANT 



LLA1I ATWXOTTHi 



P.X 



US 2 397 870 A (ZUBUN) 

* page 2. colum 2, line 5S - page 3, 
colion 1. Mne 28; figures • 

EP 8 525 991 A (COEY ET AL.) 

n 2 737 534 A (IEICHTW ET AL.) 

* claims; figures * 



1.12 



1.12 



E21B7/06 
E21B43/38 



£218 



mpoA hm 



nupfarrfd 



THE HA6UE 



28 October 1997 



Deutsche J. -P. 



owioowr or oreo o oo m it w rt 



I:* 



